Ice hockey is a high-speed, high-impact sport that is associated with increased risk of concussions, shoulder, ankle, and knee injuries, often resulting from contact with other players (eg, collisions) or objects (eg, boards, goal post).^[@bibr1-2325967116646534],[@bibr15-2325967116646534],[@bibr20-2325967116646534],[@bibr25-2325967116646534]^ Knee injuries in hockey players primarily involve the medial collateral ligament (MCL), meniscus, and less commonly, the anterior cruciate ligament (ACL).^[@bibr24-2325967116646534],[@bibr25-2325967116646534]^ Soligard et al^[@bibr20-2325967116646534]^ and Tuominen et al^[@bibr25-2325967116646534]^ reported the prevalence of ACL injuries to be 11.4% in female ice hockey players, and 16% of unspecified ligament sprains/ruptures at the Sochi 2014 Olympic Winter Games occurred during ice hockey. ACL injuries are more common in other types of sports, and soccer has one of the highest ACL injury rates (0.06 to 1.0 injuries per 1000 game hours).^[@bibr2-2325967116646534],[@bibr5-2325967116646534],[@bibr8-2325967116646534],[@bibr19-2325967116646534]^ Basketball, football, and volleyball also frequently cause ACL tears, typically resulting from noncontact mechanisms.^[@bibr3-2325967116646534],[@bibr19-2325967116646534]^

Comorbid knee pathology has been examined for various sports, except for ice hockey.^[@bibr12-2325967116646534],[@bibr21-2325967116646534],[@bibr23-2325967116646534]^ Basketball players with ACL ruptures have increased odds of concomitant lateral meniscus tears and cartilage damage compared with soccer and football players.^[@bibr12-2325967116646534],[@bibr23-2325967116646534]^ A study of National Football League (NFL) players by Bradley et al^[@bibr4-2325967116646534]^ found that of 209 ACL injuries, approximately half were isolated ACL tears, while 22.5% had concomitant meniscal pathology and 23.9% had other ligament or cartilage damage. Granan et al^[@bibr12-2325967116646534]^ found that skiers had slightly greater odds of an isolated ACL tear than soccer players but were almost twice as likely to have associated posterior cruciate ligament (PCL) tears, MCL tears, or multiligament injuries. Also, bone bruising was observed on magnetic resonance imaging (MRI) in a case series of recreational skiers and was most commonly found in the lateral aspect of the knee.^[@bibr21-2325967116646534]^

To date, no studies have documented collateral ligament injuries, bone bruising on MRI, and intra-articular findings after ACL ruptures in ice hockey and compared them with other sports. We hypothesized that there would be differences in comorbid knee pathology for ACL-ruptured ice hockey players versus other sports players.

Methods {#section1-2325967116646534}
=======

Sample Selection {#section2-2325967116646534}
----------------

Patients were selected from a prospective registry of 937 ACL reconstructions performed between January 2005 and June 2015 at a single institution. This study was approved by an institutional review board. There were 20 patients who suffered an ACL tear during ice hockey, of which 19 were male and 18 had a contact mechanism of injury. Of these, 13 cases met the following inclusion criteria and were included in this study: (1) male sex, (2) no previous surgery on the injured knee, (3) MRI within 6 weeks of injury, (4) surgery within 3 months of injury, and (5) had a contact mechanism of injury, defined as the injured knee being struck by another player or hitting the boards, goalposts, or other equipment. Forty-six males who sustained an ACL injury during other sports met the inclusion criteria and were included in the control group.

Data Collection {#section3-2325967116646534}
---------------

The patient's surgeon documented demographics, injury characteristics, and MRI findings preoperatively as well as arthroscopic findings immediately after surgery on standard data collection forms. Preoperative data included sex (male/female), date of injury, age at injury, body mass index (BMI), injured side (right/left), history of knee surgery (yes/no), mechanism of injury (contact/noncontact), and sport played during injury. BMI was categorized as normal (≤24.99 kg/m^2^), overweight (25-29.99 kg/m^2^), and obese (≥30 kg/m^2^).^[@bibr26-2325967116646534]^ Sports-related injuries were divided into 2 groups: ice hockey (N = 13) and all other sports (N = 46), which included football (43.5%), soccer (15.2%), basketball (13%), skiing (6.5%), martial arts (6.5%), volleyball (2.2%), lacrosse (2.2%), wrestling (2.2%), rugby (2.2%), floor hockey (2.2%), sparring (2.2%), and baseball (2.2%). MRIs were performed within 6 weeks of injury at various locations and were read by the study surgeons. The presence of bone bruising on sagittal and coronal MRI images was documented for each of the following anatomic sites: lateral tibial plateau (LTP), medial tibial plateau (MTP), lateral femoral condyle (LFC), and medial femoral condyle (MFC). Medial and lateral collateral ligament injuries (MCL and LCL, respectively) seen on MRI were also documented. The presence and location of meniscal and chondral injuries observed during arthroscopy were also documented.

Statistical Analysis {#section4-2325967116646534}
--------------------

Descriptive statistics were calculated for age, BMI, injured side, MRI findings, and arthroscopic findings stratified by ACL injuries that occurred during ice hockey versus other sports. Group comparisons were done using *t* tests for continuous data and exact chi-square tests for categorical data. Data are presented as mean ± standard deviation or n (%). Statistical significance was defined as *P* \< .05, and all statistical analyses were performed using SAS 9.4 (SAS Institute Inc).

Results {#section5-2325967116646534}
=======

There were no statistically significant differences in mean age at injury (22.9 ± 8.8 vs 23.4 ± 10.4 years, *P* = .88) or the ratio of right- to left-sided injuries (9:4 vs 25:19, *P* = .53) for ice hockey-- versus other sports-related injuries. The prevalence of normal weight (6 \[50%\] vs 15 \[34.1%\]), overweight (5 \[41.7%\] vs 23 \[52.3%\]), and obese (1 \[8.3%\] vs 6 \[13.6%\]) athletes also did not differ significantly for injuries related to ice hockey versus other sports (*P* = .66).

As shown in [Figure 1](#fig1-2325967116646534){ref-type="fig"}, there was significantly less bone bruising on the LFC for injuries related to ice hockey versus other sports (6 \[54.6%\] vs 40 \[93%\], *P* = .01). The prevalence of MTP bruising was also decreased for injuries in ice hockey versus other sports and was borderline statistically significant (0 \[0%\] vs 14 \[32.6%\], *P* = .05). The prevalence of bone bruising on the LTP (8 \[72.7%\] vs 40 \[93%\], *P* = .09) and MFC (0 \[0%\] vs 3 \[7%\], *P* = .60) did not differ significantly for injuries in ice hockey versus other sports. As shown in [Figure 2](#fig2-2325967116646534){ref-type="fig"}, there was no significant difference in the prevalence of MCL (4 \[40%\] vs 10 \[31.2%\], *P* = .77) and LCL (0 \[0%\] vs 1 \[3.9%\], *P* \> .999) injuries for ice hockey versus other sports. Lateral meniscus tears were less frequent in ice hockey players, which was borderline statistically significant (3 \[23.1%\] vs 24 \[58.5%\], *P* = .05). There were no statistically significant differences in the prevalence of medial meniscus tears (1 \[7.7%\] vs 17 \[37%\], *P* = .08) and chondral injuries (1 \[10%\] vs 3 \[9.4%\], *P* \> .999) at the time of arthroscopy for ice hockey versus other sports ([Figure 3](#fig3-2325967116646534){ref-type="fig"}).

![The presence of bone bruising in anterior cruciate ligament--ruptured ice hockey versus other sports players. \*There was significantly less LFC bruising for injuries related to ice hockey versus other sports (*P* = .01). \*\*There was less MTP bruising for injuries related to ice hockey versus other sports, which was borderline statistically significant (*P* = .05). There were no statistically significant differences in the presence of LTP (*P* = .09) or MFC (*P* = .60) bruising for ice hockey versus other sports. LFC, lateral femoral condyle; LTP, lateral tibial plateau; MFC, medial femoral condyle; MTP, medial tibial plateau.](10.1177_2325967116646534-fig1){#fig1-2325967116646534}

![The presence of medial collateral ligament (MCL) and lateral collateral ligament (LCL) injuries in anterior cruciate ligament--ruptured ice hockey versus other sports players. There were no statistically significant differences in the presence of MCL (*P* = .77) and LCL (*P* \> .999) injuries for injuries related to ice hockey versus other sports.](10.1177_2325967116646534-fig2){#fig2-2325967116646534}

![Presence of meniscal tears and chondral lesions in anterior cruciate ligament--ruptured ice hockey versus other sports players. \*There were less lateral meniscal tears for injuries related to ice hockey versus other sports, which was borderline statistically significant (*P* = .05). There were no statistically significant differences in the presence of medial meniscus tears and chondral lesions for injuries related to ice hockey versus other sports.](10.1177_2325967116646534-fig3){#fig3-2325967116646534}

Discussion {#section6-2325967116646534}
==========

While several studies have investigated the frequency and pattern of comorbid injuries in sports players with acute ACL ruptures, no such studies have been conducted for ice hockey players.^[@bibr4-2325967116646534],[@bibr9-2325967116646534],[@bibr11-2325967116646534],[@bibr12-2325967116646534],[@bibr21-2325967116646534],[@bibr23-2325967116646534]^ Ice hockey and other sports players with contact ACL injuries were included in this study because this is the most common mechanism of injury in ice hockey players.^[@bibr15-2325967116646534]^ Because of the decreased contact with the playing surface and the decreased friction of the ice surface, there is the potential for a difference in injury mechanism or ability to attenuate the energy of injury to the knee of a hockey player.^[@bibr15-2325967116646534]^ We hypothesized that there would be differences in concomitant knee injuries in ACL-ruptured ice hockey players compared with other sports players, and this hypothesis was supported by our findings. We found that ice hockey players had less concomitant bone bruising on the LFC compared with other sports players. There was also less MTP bruising and lateral meniscus tearing in ice hockey versus other sports players; however, these associations were borderline statistically significant.

The reported prevalence of bone bruising in ACL-ruptured patients is approximately 80% and is observed primarily on the LFC and LTP.^[@bibr16-2325967116646534]^ Speer et al^[@bibr21-2325967116646534]^ evaluated patterns of bone bruising on MRI in 42 recreational Alpine skiers who sustained an acute and complete ACL rupture and found that bone bruising primarily occurred on the LTP (81%) and LFC (40%). However, this study did not include a comparison group. In the current study, lateral bone bruising was more prevalent than medial bone bruising for both ice hockey and other sports players. Both LFC and LTP bone bruising were reduced in ice hockey compared with other sports; however, this difference was only statistically significant for LFC bone bruising. Ice hockey players did not have any medial bone bruising, which could suggest a different mechanism of injury in this subgroup that involves more force to the lateral side of the knee. Contact ACL injuries usually result from sudden deceleration or change in direction, hyperextension, or a shearing mechanism resulting from collision while varus or valgus stress is applied to the knee.^[@bibr6-2325967116646534]^ Furthermore, ice hockey players maintain more of an edge for skating and have their leg in external rotation and their knee in valgus for more time during the sport.^[@bibr15-2325967116646534]^

MCL injuries are the most common ligament injuries in ice hockey players and result from collisions that involve a valgus stress to the knee or when a player catches the edge of their skate on the ice and incurs a twisting force.^[@bibr14-2325967116646534]^ We found that ice hockey players with ACL ruptures had slightly more MCL injuries than other sports players; however, there were no statistically significant differences between these groups. Several other studies have examined comorbid MCL and ACL injuries in other sports.^[@bibr11-2325967116646534],[@bibr12-2325967116646534],[@bibr23-2325967116646534]^ Friden et al^[@bibr11-2325967116646534]^ examined 59 patients with ACL ruptures resulting from contact sports, mainly soccer and handball, of which 39% had a comorbid MCL tear. Using data from 2 large registries of ACL reconstructions in Norway (The Norwegian Knee Ligament Registry) and the United States (Kaiser Permanente ACLR Registry), Granan et al^[@bibr12-2325967116646534]^ found that skiers and American football players were more likely to have MCL injuries while team handball players were less likely to have MCL injuries than soccer players. Tan et al^[@bibr23-2325967116646534]^ found that among college students, MCL injuries were less likely to occur during badminton compared with soccer in patients undergoing ACL reconstruction. On the other hand, LCL injuries are rare in ice hockey players because most contact injuries occur when the knee is in valgus rather than varus.^[@bibr15-2325967116646534]^ Our results are consistent with this theory, as none of the ice hockey players had LCL injuries and the prevalence was low in other sports players (4%). Two studies examined multiligament injuries in sports players, defined as an ACL injury plus a PCL, MCL, and/or LCL injury, but did not report the prevalence of combined ACL and LCL injuries, which was likely low.^[@bibr12-2325967116646534],[@bibr23-2325967116646534]^

Our study found that ice hockey players had a trend toward fewer medial and lateral meniscus tears as well as equal amounts of chondral injuries compared with other sports players, with decreased frequency of lateral meniscus tears being borderline statistically significant. Previous studies have examined the associations between comorbid intra-articular and ACL injuries for various sports but not for ice hockey.^[@bibr4-2325967116646534],[@bibr9-2325967116646534],[@bibr11-2325967116646534],[@bibr12-2325967116646534],[@bibr23-2325967116646534]^ In ACL-injured players of the National Football League (NFL), comorbid meniscal pathology and other ligamentous or chondral pathology was observed in 22.5% and 23.9%, respectively.^[@bibr4-2325967116646534]^ Among 59 contact ACL sport injuries, mainly soccer and handball athletes, 8.5% had medial meniscus tears and 39% had lateral meniscus tears.^[@bibr11-2325967116646534]^ Tan et al^[@bibr23-2325967116646534]^ found increased odds of lateral meniscus and chondral injuries for basketball and sprinting versus soccer injuries.^[@bibr23-2325967116646534]^ Granan et al^[@bibr12-2325967116646534]^ found that compared with soccer, lateral meniscus tears occurred more often in basketball and handball players and chondral injuries occurred more often in basketball players. Feucht et al^[@bibr9-2325967116646534]^ did not find an association between lateral meniscus tears and high- or low-impact sports in ACL-injured patients. However, lateral meniscus tears were more prevalent for contact versus noncontact injuries, although nonsports injuries were included in this analysis (*P* \< .001).^[@bibr9-2325967116646534]^ Different variations in patterns of comorbid intra-articular pathology by type of sport may be due to different mechanisms of injury and/or the amount of force at the time of injury. Granan et al also noted that older age might have resulted in more intra-articular injuries in basketball players compared with other sports players because they had longer time to develop these injuries.^[@bibr12-2325967116646534]^

Comorbid knee pathology in ACL-injured sports players can affect patient outcomes and thus should be considered when planning treatment, especially for patients wanting to return to sport. LaPrade et al^[@bibr15-2325967116646534]^ recommended ACL reconstruction when significant instability observed during physical examination or meniscus tears is present. Meniscus tears observed during ACL reconstruction are commonly treated with meniscectomy; however, meniscectomy is associated with increased risk of later degenerative changes.^[@bibr17-2325967116646534]^ The presence of chondral lesions or meniscus tears at the time of ACL reconstruction has been shown to be associated with worse long-term clinical outcome scores.^[@bibr7-2325967116646534]^ Also, a recent study of National Hockey League (NHL) Injury Surveillance System data found that ACL-injured players with comorbid meniscus tears had a shorter career compared with players with isolated ACL injuries and controls.^[@bibr10-2325967116646534]^ Bone bruising in ACL-injured patients has been associated with increased pain, delayed recovery of range of motion, and longer time to unaided ambulation after ACL reconstruction.^[@bibr13-2325967116646534],[@bibr18-2325967116646534],[@bibr22-2325967116646534]^

There are several strengths and limitations of this study. To our knowledge, this is the first study to compare comorbid pathology in ACL-ruptured ice hockey players with other sports players. The principal limitation of this study was the small sample size, which limits the statistical power. A small sample size also did not allow for multivariate analyses or stratification. The results of this study may not be generalizable to female athletes, ACL ruptures that did not occur during sports (eg, motor vehicle accident), noncontact injuries, and to patients undergoing nonoperative management. However, we found that ACL injuries sustained during ice hockey primarily occurred in males and involved a contact mechanism of injury. We were unable to examine the effects of different levels of sports participation (eg, high school, collegiate, professional) in this study. Also, MRIs were obtained from multiple facilities, which could have resulted in random error due to variations in equipment and the skill level of different radiology technicians.

Conclusion {#section7-2325967116646534}
==========

ACL-injured males who sustained ice hockey injuries had less LFC and MTP bone bruising than other sports injuries. There was also a trend toward fewer medial and lateral meniscus tears in ice hockey players. Differences in patterns of comorbid knee pathology for ice hockey versus other sports players may be due to different mechanisms of injury and may reflect different prognoses.
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